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E.L. JOYCE JR. and T.R. JER\’lS
Ma[erlals Science and Twhnolo~] Di\”i~ion,MailSmp E-549,P.O. Bw 1663,
Los Alamos NaIional Laboramq. 1.<).Al,imos, Ml 87545

A gas phase process for large area depositions on an ambieril [temperature substmte using
laser-induced dielecrnc breakdown of giis phase precursors has re:enlly been developed. ]
Deposits of nickel alloys show excellent grain refinemen[ (c1O r:Il and melas[ahle phm’
incorporation due to rapid quenching from [he g;is phase. P?~::ir size dis[nhu[ionand
compositionalvariancewithin[hedtqw~si[cd films have been smdled usin: electron microscop!
and electron diffraction. Kinetic expressions to expkrin homogeneous gas phase nucleation and
gmw~h of the deposited malerials hn~’ebeen dei’eloped in an effcm K) belter understand [his
process. The effect of system va.rkldes on film and powder grain sizes has been studied. This
anaiysis gives insigh[ imo the flllid flou/hea[ tmnsfer pat[ems in~mltcd in [he syslem and [heir
effect on the final deposited mmeri;l]. Heal tmnsfcr and fluid flcm paIIeI IISmusl bc optimized
10 minimize residence time in the gas phase 10 prevent exl:essite agglomeration of the fine
particles. Results of the effect of syslem pressure. gas phase composition, laser pulse energy,
and gas flow rate will be presen[ed as Ihey effect particle size distribution wi[hin Ihe
deposition.

Ih~ODUCITON

The production of metal or mew] oxidekarbide ult.mfine partii-les on [he order of 1 m 1(1
llm in the form of a powdcm offer excellent possibilities in the symhesis of new catalys[s, :rdar
coll~rors, electronic devices, as well as many other applications, Nlatcriids fabricated from
these ultrafine particles (on the order of nanometers) may possess different physical and
chemical properties than bulk materials such as: higher mechanical strengths slid lower melting
points, due 10 [heir ve,~ hi~,h grain hlIIIId:!q 10 volume ra~io.2”~

At the pmscnt time considerd’dc cflim is bring expended m pmducc ulmifinc particles by ;I
numhcr of differen[ ccmven[ion;ll pI(JL’(.sw*. Exw-nplcs includci rcw-[ion and sulwcqucn[
precipi[aticm from a liquid SOlI]lItJIIJ. ;ln,i IIIC evaportilion and dcconlposi[iijn of mc[;ll
hydroxides to produce firm mcI;Il (~xidcs f Addi[ioni.rlly, corr[inuous films iind ul[ri.rfinc
powders hirvc Ixcn pr(tiucul by J;IWI Im.;]hd(lwn chcn]icii] Viipor drpmi[ion, 1 In this prm-cu
ir rnclul karing vapor spccick {NI((’(JIJ. ICS((Y))5, WI:(J112 ) i\ dccomp~sed in ii plusm;I

gcncrti!c(! tiy diclccnic bretikd(wvn (If ;Irl :Irptm c-ilrricr gtis. The proccw differs fr(m thc
prcvi(ws]y mcn[ioncd mc[h~ds Irl 111.11\cr \ S!ltwr tirncs (on the order of rnimwccom!s: :It high

tcmprr;l[urts tire used iis supp(mt’,i II} IIILOpx. wrwc t~f Ni wi[h rncln~[;lhlc Xi ~(’.(’ A sImi} (d’
ilrg(m pl;iwxi lcnpmiurc!i :Is ;I !Ilrl “rl(trl [It IImc h)’ Rmiz.icmski c[. ti! 7, indic;ltc tcmpcr;l[ums ]rl
CXL-CSAof 1(* “K,

okuyama ct. al. f sludip(i p;lrli(.lr nll~lc;lli[m timi ultimiltc parli~.lc size. 1Iowcvcr in lhclr

K[udv pi!r[i~’lc growlh trmcs iu [t]~’ ~ii~ ph;Isc were significanfl) I(mgcr ((m the order f~f
scc’m~js), rather than on the tvllt.r rllllllw.~.[mis iis seen in the prc~cnl stIIdy. ‘Iksc lime
diffcrcm.cs result from [Iwir LIW(II ;I (X NIIIIIU(NIS h~iit MNIKC, iis uompnrcd [[) [hc pulsed hc;lt
s(mr~.c IIWYIin [hc pmscn[ s;:,IIl\ ‘1’IIIslt’ilti\ lo ;Irl irlcrc;lscd cffw-l t)f p;lnic-lc ;lg~!l(lll-.rr;llit}llirl
IIIC( )1.11 )’,1111;1 C!. iI1. S)’SICI1l1’.’::T(~l~cI\d i“urlc[itw t~l”rlurlcu~ \l/c, pr7nv:h r;llc. ;Ird IIIIK

‘ I’I:L.l(}r~.r(mdl of thr II,:”. ~.;l\”;n,,, :.\ :1,1~ lt!I, Iw rcw-ll(m.

1:X1’]NIIII;N-!”AI,



~h,lilrl 111].lcllrc ], The energy input in this s\’s[(’nl is VC~ lwti]izrd. WI[ha[ upon nil. ‘:’.I!!,I”
I!I(’~ll)c ]hIrl;c]c\ h~v: li[dc [imc for grcw::h I-wiorutwing dc-posiwd on ~hc surfiicc.

1 IIC st:indard operating conditions used consis[edof ii IO[;IIsvs[enl pressure ot 11I “1(r:
q(Nj ~~/~]n (STP) illltl ~’r)~’r:)~~ III] u g:i~ rnl~lurc of 17( !’4i(CO)4 and 999( Argtm flowing al -

supplied h! a pulsd laser operating at 1 Hz wilh an energy of 0.8 Joules per pulse. A pl;isnxl
wi[t] a lifeurne ,: .X)-l(h) nsec is generated wi[h [he inpu[ of a 0.5 [o 1.3 joulefliiser pulw. lhc
indi\”idu:ll system variables were then adjusled m see the effecl of each cm the dcpt~\:I](~:l
thi~kncss under the front of the plasma, the low] surfiice area covcrtige, and finally the p;IIII~lL
si~~’ ;IS obsemx! by electron microscopy.

In this study Ni/Ni3C powders were produced, bu[ Tungsten and Iron films hil\’c JIM)

l-wcn prc,duced using this experimental system. ~ The samples were deposited direc[l}’ on
amorphous carbon films supported by copper grids [o facililitre transmission eleclron
microscopy (TEM). Previously, samples were also deposited on NaCl su;mtrutes and
suhwql]ent]y floated on[o the TEM picis wi~h no apparcn[ chunge in microstructure in ttw
pr~-ptired samples.fi The microswuc[ure of the films was detmnined using a Philiips 400T”
I;lcctron Microscopeoperitingat1(M)KV. The microstructure produced by this proces~ is very
uniform and composed of groins on the order of 10 nm.6 Obsemtitions using darkficld ‘l-I:\l
iniii~-ate lhe minimum diffracting domain is on the order of 2.5 [o 6 nm. This minimum
diffracting grain size gives insighl into the mechanisms of griiin grow~h and hew trwlsfer in [he
\) ’s[em and will be more fully discussed in the following section,

REACTION
~ ZONE1

ANA1.YSIS 01” RI; S(I1.TS AN1) DIS(IISSION



!l!l~r U’USdetcrmincli Illc ~r(lu :!I [;1::. II shown in. Flguru 2.
The cooling IIII)LJ M:I\ L.SIIIII.!!L,! as [hr [imc ncccssurv to cm] fr(ml lhc prcscrihlmd

nu~.lculion Icmpcruluru (ltll~ \m~.! fI(Inl ;ipproxim:ilcl: 100(1”10 14(N)PK~ I(!r(~ml Ienqmdluru
UyIIlg a time averagct~ ct~~llng ril[l’. ‘l”hccooling lime IS also shown in I;igmc 2. The cwding
rate was estimated using [hc ini[i:il wmptriture in the hm gas (based on [he [t]crmal properties
of Argon only) [O hc :1[the dc~ pnin[ (saturation temperature of [he niukcl be;iring giis), and
using [he deriva~ivc u Ilh rr~pr~[ [(~time of the solution m [he tempemlure dis[rihulior for tin

‘ The cylindrical surface area ww usedaSa wcigh[ing facmr forinsumeous line he:it s(u)r~st’.]-
[hc pxitional cooling ru[t’.

a sho~’s fairly good agreement kvween tie cooling times and lhcExamination of I:lgllrc -.
necessary growth times. In ho[h rkes one can see a strong pressure dependency on both
cmling and panicle growth. These limes correspond to cooling rales on the order of 105 m 1(X’
OK/sec and residence times in !hc gas phase on the order of milliseco,~ds. These cooling r[i[es
explain the existence t~f nw[:l$[:lhle Ni - supersaturated with carbon and NilC in thu prodmm[

powders and filmsti.
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Fi~ure 2: A cmr~tmrison of t:alculii[ed coolin~ l’igu~ ~: The cffcc[ofencrgy inpul illld
and gro-wth time%as a function of - - sys[cm pressure o~”dcfisi[i[w
system pressure
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. the reslll[s (d”I:l~uru> 3 ~hrough 5. II bc~i}::~:’sUICJ: I!?;!: ‘~:g!?tr encr:y inpul~ Icnd m incretiw
bmh lhc dcpos][](m arc.! and particle sin. I!::s IS likc~) J.. IL)hjg~)cr [cmpcrdlurcs acting over u

gnaw dis[wwc [hrough [he diffusion lcn~:~l. lhc rc,.lli 0:., hlghcr energy input. Additionally.
as one would suspec~. in~-reasing the Ni{C()]: p;miul prcssurt increases the sa[urii[ion riitio of’
the gas, icadmg to !arger sutiace ama cover~ge. The effc~.[of either increased system pressure
or partial pressure of Ni(C())3 indicates tha[ the condcnsfition Ieac[ion is a function of prrssure.
This agrees with [he prc\rious observa[ioc\ in IC~II> oftimedependency on growth m-d also
cooling.

CONCLUSIONS

The resuhs of tiis s!udy indicate that nanocrystalline rna[erials of a consistent size (2.5 m (.
nm) can & mnde using laser breakdown chcrniu:il ~:lpor deposition. Additionally, analysis of
the system employing gas phase condcn>. :It~II l-n homogeneous nuclca[icm and grow[h,
coupled wi[h htm[ transfer by conduc~ion ckpl:iln~- the observed grain sizes and rne[asttibie
phases formed.
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